A method to predict the time evolution of temperature fields during the frictional welding of stainless steel bars is proposed. The features of the proposed method are the introduction of the heat input coefficient and the transfer of the heat generating plane proportional to the shortening of the work. The heat input coefficient is the multiplication of the heat conversion efficiency of mechanical work and the dynamic friction coefficient. The values of heat input coefficient are decided experimentally. The frictional welding experiments were conducted for the austenitic stainless steel bars with welding conditions. The measured temperature at several points on the surface of the stator agrees with the calculated temperature. Despite the welding conditions, the heat input coefficient shows little difference. Therefore, using the proposed method, by deducing the heat input coefficient from several experiments, the time evolution of temperature fields for work with other diameters might be able to be predicted precisely.
INTRODUCTION
In automobile industry, the metal propeller shaft is one of the heaviest parts, and is being replaced with one made from carbon composite (CC) materials to save the vehicle's weight. On the tip of the CC shaft, a metal cap is adhered and friction welded to other metal parts with more complicated shapes. The heat generated during the friction welding process, however, can raise the metal part's temperature to damage the CC shaft. Therefore, it is necessary to predict the time change of temperature in the metal part during the friction welding process. For the prediction of the time change in the temperature field, a numerical simulation is usually conducted [1] . In those simulations, the problem is how to deal with the heat generation by friction at the interface. In this study, the heat input coefficient is introduced in the finite element analysis for the non-steady heat transfer problem. The heat input coefficient is deduced from the experimentally obtained time change in temperature. The values of the heat input coefficient are calculated for several cases with variation in the welding conditions. In the following, the method to calculate the heat input coefficient and the experimental details are explained. The results are shown with the welding conditions and are discussed.
DETAILS OF HEAT TRANSFER ANALYSIS
The non-steady heat transfer analysis using the finite element method was conducted for the joining of two bars with the same materials. The dimension of the bar was a diameter of 7.0-12.0 mm and a length of 50 mm. The bar was considered made of the austenitic stainless steel, JIS-SUS304. Because the calculation model was for an axisymmetric body, the calculated region was the half plane of the longitudinal section along the bar's axial direction. Along the outer line of the bar, the cooling condition by air convection was applied.
On the interface surface of the friction, the heat flux was input. The total amount of the heat flux over the interface changed with time, and the plane of the heat generation moved with time in the bar's axial direction, which reflected the shortening of the joint by expulsion of the flush. The length of the heat generating plane's transfer was decided by the pressing length of the work, which was measured experimentally. The elements left behind the moving heat generating plane were eliminated from the calculation. The corresponding part of those elements was considered expelled as flush. The total heat flux by the frictional heating at the mating interface can be described as follows: 
where A 1 is the heat input coefficient, A 1 = μ × η. The value of the heat input coefficient was decided by repetition of the trials of the finite element analysis with variation in the interim value of heat input coefficient until the time-change of temperature at three points coincided with their experimentally measured values.
MEASUREMENT OF TEMPERATURE
The frictional welding was conducted with two bars of the austenitic stainless steel, JIS-SUS304. The initial length of the bars was 50 mm. Their diameter was varied from 7.0 to 12.0 mm. The rotor was revolved at a constant rotation number, 2,500 --3,500 rpm. The compression pressure was loaded gradually by hand for the first 5 s from the onset of the contact, and maintained constant at 7.5 --13.0 MPa after that. The temperature was measured at the three points, 3, 5 and 10 mm from the initial mating interface on the surface of the work. All 8 cases of the frictional welding experiment formed good joints. Figure 1 shows the measured temperature change for 12.0 mm diameter work rotated at 3,000 rpm under the compression of 10.0 MPa. The heat input coefficient is also shown, which was calculated to make the predicted temperature agree with the experimentally obtained temperature. It first rose up and suddenly dropped down followed by the asymptotic approach to a constant value. For the other welding conditions, the tendency of the heat input coefficient is similar (Figure 2 ). Their peak height is different but the asymptotic value was almost the same. The friction coefficient generally drops with rise of temperature [2] , which might dominate during the asymptotic decrease term after 10 s. Then, the first rise of the heat input coefficient should reflect the sudden increase in the heat conversion efficiency. A possible factor is the increase in the real contact area at the friction interface. By utilizing the similarity of the heat input coefficient, the time evolution of temperature fields for the other welding conditions might be able to be predicted precisely. 
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